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doi:10.1016/j.hkpj.2011.03.001Abstract Poor adiposities are risk factors for major morbidities, but reports on how these
relate with gait function of stroke patients undergoing rehabilitation is sparse and need further
investigation. A convenience sample of 94 ambulatory stroke survivors and 94 matched
apparently healthy individuals were assessed for adiposity markers (body mass index, waist
circumference, thigh girth, waist-hip ratio, and percent body fat) and gait parameters
(cadence, step length, stride length, stride width, gait velocity, and cycle). Mean age of the
stroke and apparently healthy participants were 57 5.2 years and 56.9 4.8 years, respec-
tively. We found significant (p< 0.05) relationships between waist circumference and each
of gait cycle (rZ 0.67) namely, cadence (rZ 0.68), stride length (0.62), step length
(0.61), and gait velocity (0.75). Fairly similar correlations existed between body mass
index, waist-hip ratio, percent body fat, thigh girth, and each of gait parameters, with only
the thigh girth significantly correlating with stride width (rZ 0.79). Obesity more than triples
the odds of low gait velocities (odds ratio: 3.28; 95% confidence interval: 1.60e6.74). Findings
provide clinicians with likely influence of adiposities on gait parameters of stroke patients.
This may inform treatment decision and help to prioritize interventions through adiposity
management for stroke patients undergoing rehabilitation.
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Greater effectiveness in gait training has become one of
the goals in poststroke neurological rehabilitation [1] and
it forms a major component of physical therapy services
for chronic stroke patients being the most commonserved.
35intervention provided generally [2]. A number of factors
have been shown to affect gait parameters in the stroke
survivors. Some of these include rehabilitation approaches
[3], functional status [4], cognition [5], and duration of
stroke [6]. Poor adiposity may also affect gait in a number
of ways. Net metabolic cost of walking for instance is
greater in obese than in normal-weight individuals because
of biomechanical differences [7]. It is also observed clini-
cally that physical rehabilitation of “heavy” individuals is
tedious because of the difficulty in lifting and other passive
and active maneuvers. Literature abounds on the menace
of poor adiposity on overall health of individuals, including
its contribution to the etiology of stroke but sparsely
available on the effect on rehabilitation efforts. Specifi-
cally, reports on the effects of adiposity on gait parameters
of stroke survivors are generally lacking. In our earlier
observation of a few patients in the outpatient clinic over
a period of 12 weeks, we found the gait parameters of six
stroke survivors with normal body weights to be better than
that of six overweight-to-obese stroke survivors. Consid-
ering our previous observations and the high frequency with
which gait training is used in the treatment of patients with
chronic stroke and because two-thirds of stroke survivors
have difficulty with walking [8], we felt that there was
a clear need for studies to reveal how modifiable health
markers, such as adiposity, may influence the quality of gait
in stroke survivors under rehabilitation.Methods
Participants in this study were a sample of convenience of
stroke patients and apparently healthy individuals. The
stroke patients were 94 ambulatory men and women
between the ages of 42 years and 51 years who could walk
without the assistance of another person and who could
follow directions for the gait assessment, whereas the
apparently healthy participants were equal number of
individuals matched with the stroke survivors on the bases
of age, gender, weight, and height. Stroke patients were
enrolled from the Physiotherapy Clinics of the Aminu Kano
Teaching Hospital and Murtala Mohammed Specialist
Hospital, Kano Nigeria, whereas the apparently healthy
individuals were recruited from the Bayero University, Kano
community. Only stroke patients, who agreed to participate
and referred to the Physiotherapy clinic by a physician,
were enlisted in the study. Individuals using an assistive
device for ambulation with history of musculoskeletal
injuries resulting in symptoms of pain, weakness, and loss
of range of motion were excluded.
Assessments for both the stroke and the apparently
healthy individuals were conducted at the two centers from
where the stroke survivors were enrolled. Data obtained
from the participants and the physicians’ referrals included
age, gender, duration of stroke, hemispheric side of the
lesion (if documented), and whether the stroke was first
episode or beyond. Participants were also assessed for
selected adiposity and gait parameters. The adiposity
included body mass index (BMI), waist circumference (WC),
thigh girth, waist-hip ratio (WHR), and percent body fat
(PBF); whereas the gait parameters included cadence, step
length, stride length, stride width, gait velocity, and gaitcycle. The BMI was calculated as weight (kilogram) divided
by height squared (square meter), WC was measured in
centimeters, and WHR as waist divided by hip circumfer-
ence. PBF was measured using the Omron BF306 body fat
monitor (Omron Healthcare Co. Ltd., Japan) [9]. Thigh girth
was taken at 15 cm proximal to the superior patella with
knee in extension.
The gait parameters were measured manually based on
adaptations from Ross and Clawson [10]. Paper walkways
have been used to assess several gait impairments and the
method is suitable for use in the clinical situations and has
previously been found to be reliable [11]. The inter-rater
reliability ranged from 0.98 to 1.00, whereas test-retest
reliability was also high ranging 0.95e0.97 for most
measures in multiple sclerosis and hemiparesis subgroups
[12]. The gait assessment was done on a 20 m walkway
spread with a white nonslip 1.8 m wide continuous paper.
Participants walked at their most convenient but fastest
speed on the walkway with their feet precoated with a red
colored temporary ink. The ink made feet impressions on
the paper as they walked along. Measurements of step
length, stride length, and stride width were made from the
feet impressions on the paper labeled for each participant.
The step length was measured as the distance between the
tips of opposite heels, whereas the stride length was the
distance between the tip of the heel of one foot and the tip
of the heel of the same foot when it touches the ground
again. The stride width was the distance between two
opposite feet measured as distance between two parallel
vertical lines drawn from the tips of the heel of one foot
and the middle toe of the other foot. Measurements from
three different spots within the middle 10 m of the
walkway were taken for each of these and the average was
documented. The cadence, gait velocity, and cycle were
each assessed by one of three research assistants trained by
the researchers. With a stop watch, one assistant recorded
the cadence as number of steps taken per minute, another
assessed gait velocity as the distance covered in 1 minute
(taken at 15 seconds and multiplied by 4), and the third
assessed gait cycle as the time from heel contacting the
ground (heel strike or heel on) until the same heel contacts
the ground again. Measurements started at the third meter
mark when the participant was expected to have attained
a steady gait and speed.
Ethical approval for the study was granted by the Ethical
Committee on Research of the Aminu Kano Teaching
Hospital, Kano, and the informed consents of all partici-
pants were also obtained before enrollment. Pearson’s
moment correlation was used to determine the relationship
between the selected adiposity and gait parameters,
whereas logistic regression was used to determine the
predictors of long gait cycle and low gait velocities. Level of
significance was set at 0.05 for all the analyses.Results
The mean age of the stroke patients (nZ 94) and the
apparently healthy participants (nZ 94) were 57 5.2
years and 56.9 4.8 years respectively (Table 1). Left
hemispheric cerebrovascular accident (CVA) accounted for
45.7% of the strokes and the mean duration was close to 1
Table 1 Characteristics of the participants
Variables Stroke patients (nZ 94) Apparently healthy subjects (nZ 94) p
Gender
Male 58 58
Female 36 36
Age (yr) 57 5.26 56.9 4.86 0.07
Hemispheric side
Right 19 d
Left 43 d
Not documented 32 d
Duration of stroke (mo) 11 7.81 d
Adiposity
Overall BMI (kg/m2) 28.3 4.26 27.5 3.82 0.06
Male 26.7 6.19 24.62 5.22 0.06
Female 30.82 4.71 29.3 3.46 0.12
WC (cm)
Male 101.3 2.76 98.4 4.31 0.001
Female 87.2 3.11 82.7 3.97 0.003
WHR
Male 0.97 0.15 0.88 0.02 0.03
Female 0.86 0.19 0.82 0.06 0.03
PBF (%) 23.3 4.26 29.6 3.57 0.001
Thigh girth (cm)
Affected limb 43.2 3.71 d
Unaffected limb 68.7 4.28 d
Gait parameters
Cadence (steps/min) 52.3 4.72 93.1 8.85 0.001
Stride length (m) 0.64 0.03 1.18 0.36 0.001
Stride width (m) 0.47 0.02 0.26 0.03 0.003
Step length (m) 0.38 0.04 0.73 0.02 0.001
Velocity (m/min) 22.1 3.60 78.6 7.41 0.001
Gait cycle (s) 4.82 1.56 1.62 0.51 0.001
BMIZ body mass index; PBFZ percent body fat; WCZwaist circumference; WHRZwaist-hip ratio.
36 A.F. Adeniyi et al.year. The mean BMI shows that both the stroke patients and
apparently healthy participants were actually overweight
(28.3 4.26 kg/m2 and 27.5 3.82 kg/m2, respectively)
and there was no significant difference (pZ 0.06) between
them. Overweight was taken as BMI 25e29.9 kg/m2,
whereas obesity was taken as BMI 30 kg/m2 [13]. The BMI
was further split to reveal values according to gender and
this categorized the female participants in the stroke group
as being slightly obese. In the stroke participants, the mean
WC of the men (101.3 2.76 cm) and not the women places
them on the high risk domain of cardiometabolic disorders,
whereas the mean WHR of both men and women in the
stroke group was high as well (0.97 0.15 and 0.86 0.19,
respectively) and were significantly higher than in the
apparently healthy group. The mean PBF (23.3 4.26%) for
the stroke group was however significantly lower
(pZ 0.001) than for the apparently healthy participants.
The mean of the midthigh girth for the affected limb
was lower than that of the unaffected limb (43.2 3.71 cm
vs. 68.7 4.28 cm). The mean cadence (52.3 4.72
steps/min), stride length (0.64 0.03 m), step length
(0.38 0.04 m), and velocity (22.1 3.60 m/min) were allsignificantly lower (p< 0.05), whereas the stride width
(0.47 0.02 m) and gait cycle (4.82 1.56 s) were signifi-
cantly higher than those of the normal individuals.
Moderate-to-high correlations were found between some
of the selected adiposity and gait parameters (Table 2). We
found direct significant (p< 0.05) relationship between BMI
and gait cycle (rZ 0.61) and significant (p< 0.05) inverse
relationships between BMI and each of step length
(rZ0.56) and gait velocity (rZ0.72). The WC also
directly related with gait cycle (rZ 0.67) and inversely
related with each of cadence (rZ0.68), stride length
(0.62), step length (0.61), and gait velocity (0.75). The
pattern of correlation between gait parameters and WC
were more or less established for the WHR, PBF, and thigh
girth. Thigh girth was however the only adiposity measure
that significantly correlated with stride width (rZ 0.79).
Table 3 shows the odds ratios (ORs) for the effect of some
selected biodata on gait cycle and gait velocity of the
stroke participants. The odds of having long gait cycle were
somewhat similar to the odds of having lower gait velocity.
On the average, right hemispheric cardiovascular accident
more than doubles the odds (OR: 2.14; 95% CI: 1.76e4.82)
Table 2 Correlation matrix showing Pearson’s (r) for inter-relationships of adiposity and gait parameters among the stroke
patients
Adiposity variables Gait parameters
BMI WC WHR PBF Thigh
girth
Cadence Stride
length
Stride
width
Step
length
Velocity Gait
cycle
BMI 1
WC 0.43* 1
WHR 0.35* 0.52* 1
PBF 0.63* 0.58* 0.52* 1
Thigh girth 0.12 0.51* 0.68y 0.42* 1
Cadence 0.22 0.68* 0.38 0.51* 0.78y 1
Stride length 0.28 0.62* 0.46* 0.62* 0.58* 0.18 1
Stride width 0.26 0.32 0.30 0.11 0.79y 0.62* 0.44* 1
Step length 0.56* 0.61* 0.44* 0.58* 0.46* 0.26 0.56* 0.18 1
Velocity 0.72y 0.75y 0.51* 0.53* 0.51* 0.78y 0.66y 0.70y 0.56* 1
Gait cycle 0.61* 0.67y 0.23 0.77y 0.44* 0.74y 0.28 0.16 0.47* 81y 1
BMIZ body mass index; PBFZ percent body fat; WCZwaist circumference; WHRZwaist-hip ratio.
* Significant at p< 0.05.
y Significant at p< 0.01.
37of having long gait cycle and almost doubles the odds (OR:
1.84; 95% CI: 1.11e3.05) of having lower gait velocities
among the stroke survivors. Being a female, having a reoc-
currence of stroke, being obese, and having stroke duration
for more than 1 year all predicted poor gait cycles and
velocities. However, having a reoccurrence of stroke seems
to be associated with the highest odds of having long gait
cycles (OR: 6.32; 95% CI: 4.45e8.67) and lower gait veloc-
ities (OR: 5.54; 95% CI: 4.42e7.71).Discussion
We found the average duration of stroke to be about a year
and most presented with left hemispheric CVA accounting
for about one-half of the patients. The BMI of both stroke
and apparently healthy participants placed them mainly in
the overweight category; whereas the WC of the male
stroke participants and the WHR of both male and female
stroke participants placed them on the category of high risk
for cardiometabolic disorders. The PBF of the strokeTable 3 Other predictors of poor gait parameters in the stroke
Gait parameters n Long gait c
Sidedness
Right sided 19 2.14 (1.76e
Gender
Female 36 2.50 (1.50e
Reoccurrence
Second and above 14 6.32 (4.45e
Adiposity
Obese 29 3.87 (2.02e
Duration
>1 yr 43 0.59 (0.28e
ORZ odds ratio; CIZ confidence interval.participants although significantly lower than that of the
apparently healthy participants was in the high fat cate-
gory, whereas the thigh girth of the affected limb was
significantly lower than that of the unaffected limb.
Expectedly, the apparently healthy participants had
significantly better gait parameters than the stroke indi-
viduals. In terms of the number of significant correlations
between the selected adiposity and gait parameters, BMI
and WHR correlated with only three gait characteristics,
WC and PBF correlated with five, whereas thigh girth
correlated with all the six selected gait parameters. Also
poor gait cycles and velocities were predicted by having
right hemispheric CVA, being female, having a reoccurrence
of stroke, being obese, and having stroke duration for more
than 1 year.
The finding that left hemispheric CVA was common
among our sample of stroke survivors was not unexpected,
as previous reports [14] had it that left hemispheric CVA is
more common among stroke population. The author repor-
ted the side difference may be because of the anatomic
location of the tip of the cannula in the vicinity of the leftpatients
ycle OR (95% CI) Low gait velocity OR (95% CI)
4.82) 1.84 (1.11e3.05)
3.90) 1.69 (0.63e3.77)
8.67) 5.54 (4.42e7.71)
7.42) 3.28 (1.60e6.74)
0.73) 0.78 (0.38e0.96)
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spheric CVA predicted poorer gait parameters indicate
that gait rehabilitation efforts for right hemispheric CVA
patients may yield poorer results when compared with the
left. In a similar report although on upper extremities, a clear
training response advantage for patients with left hemi-
spheric lesions after completing 6 weeks of bilateral arm
training was reported with reasons being that patients with
right hemispheric lesions may present with perceptual and/
or visuospatial deficits that may have been limiting factors
in functional improvement after training [15]. However,
because the left hemisphere is usually dominant, left hemi-
spheric strokes are more devastating to patients [14].
The significant disparity in the gait parameters of the
stroke patients and the apparently healthy participants
may be because of a number of reasons responsible for poor
gait in stroke patients. In general, gait is greatly altered
after people are affected by a stroke [1]. According to an
investigation by Kramers de Quervain et al [16] on stroke
patients, there was a delay in the initiation of flexion of the
hip during the preswing phase and a decreased extension of
the hip that was related to decreased muscle effort during
the stance phase. According to the authors, these abnormal
patterns of motion altered the velocity, the length of the
stride, the cadence, and all phases of the gait cycle. The
disparity may also be because the high energy costs of
hemiparetic gait, which could be 1.5e2 times higher than
that of normal walking [17]. This can result from a distor-
tion of the normal gait mechanics following a combination
of balance and muscular impairments especially on the
affected side and the compensatory efforts of the unaf-
fected side. There could be abnormal movements of the
upper extremity, the trunk, the pelvis, and the lower
extremity on the unaffected side in an effort to compen-
sate for the decreased velocity on the hemiplegic side [16].
Our study presented a generally poor adiposity among
the stroke patients that was also related with poor gait
parameters. Obesity was a significant predictor of poor gait
parameters and this may be because of the excessive
demand of energy that is associated with walking in obese
individuals. Obese individuals may dissipate more energy in
their soft tissues during walking leading to a greater
discrepancy between positive and negative muscle work in
level or nonlevel gaits [18]. The PBF may also be a factor in
the poor gait parameters of the stroke patients. Although
the stroke patients had lower PBF than the apparently
healthy individuals, the fact that they had their PBF in the
“high fat” category and the fact that it related with poor
gait parameters may indicate the possible role of high PBF
in poor gait. This may be because the stroke patients were
unable to put up the excessive energy required for their
ambulation. In natural walking conditions and in healthy
individuals, net metabolic cost of walking was found to be
greater in obese individuals and this also related to the PBF
of the subjects [7].
The excessive energy demands of walking placed on the
stroke patients with poor adiposity variables may also have
specific kinematic gait connotations. For instance, the
greater net metabolic cost of walking in obese subjects may
be partially explained by the increased step-to-step tran-
sition cost that is associated with wide gait [7]. The wider
stride in our stroke participants could translate to widergait. Although there was the possibility of balance distor-
tions leading to wider stride, the role of wider thigh girths
in the presentation of wider stride in the stroke patients
may be obvious. This is especially because it was the only
adiposity variable that correlated significantly with stride
width. We could not confirm whether the stroke patients
were diabetic or not, we however consider that some of
them may also be diabetic in view of the age and unhealthy
clustering of adiposity markers in the stroke patients.
Individuals with diabetes have been shown to have less
ankle mobility, ankle moment, and ankle power during
walking [19], a complex that may be related to peripheral
nerve function, which further affects the gait of the stroke
patients.
This study only reveals the possible link between poor
adiposity and poor gait parameters and not in any way
implying that the poor adiposity variables were solely
responsible for the poor gait. The poor gait parameters that
have been presented could as well be as a result of many
likely confounders that were not accounted for. These
confounders may include drugs, poststroke depression and
mood, cognition, lower extremity circulation and sensa-
tion, visual impairment, lower extremity strength, and the
presence of other comorbidities. The manual and obser-
vational techniques adopted for gait analysis did not
invalidate the results of this study. According to earlier
reports, although instrumented gait analysis systems are
frequently used in research, therapists use observation on
a daily basis to evaluate gait because ready access to such
measurement systems is usually impractical [20,21]. This
study is relevant because of the importance of gait rehabil-
itation during poststroke. According to Jette et al [2], gait
and prefunctional activities were performedmost frequently
for stroke patients, hence it will be in order to study factors
that may constitute impediments to the timely attainment
of best functional gait status attainable by each patient.
Also, because restoration of the ability to walk is considered
the hallmark of poststroke rehabilitation [22], it will be
a worthy effort to identify how risk factors for stroke, such as
poor adiposities, are related with a good indicator of func-
tional recovery, such as the gait parameters.
In conclusion, this study found that the gait parameters
of stroke patients, such as cadence, stride length, stride
width, step length, gait velocity, and cycle were inade-
quate and significantly related with poor adiposities. The
BMI and WHR significantly correlated with only three gait
parameters, WC and PBF correlated with five, whereas the
thigh girth correlated with all the six gait parameters
selected. Poor gait cycles and velocities were predicted by
having right hemispheric CVA, being female, having a reoc-
currence of stroke, being obese, and having stroke duration
for more than 1 year. For further studies, we recommend
research into other physical and psychological determi-
nants of gait characteristics in stroke patients. We also
recommend studies into establishing normative gait char-
acteristics for individuals of African origin.Acknowledgement
The authors thank the participants for the commitment
they showed to this study and the members of staff of the
39Physiotherapy Clinics of the Aminu Kano Teaching Hospital
and Murtala Mohammed Specialist Hospital, Kano.References
[1] Tong RKY, Ng MFW, Li LSW, So EFM. Gait training of patients
after stroke using an electromechanical gait trainer combined
with simultaneous functional electrical stimulation. Phys Ther
2006;86:1282e94.
[2] Jette DU, Latham NK, Smout RJ, Gassaway J, Slavin MD,
Horn SD. Physical therapy interventions for patients with
stroke in inpatient rehabilitation facilities. Phys Ther 2005;85:
238e48.
[3] Kwakkel G, Wagenaar RC. Effect of duration of upper- and
lower-extremity rehabilitation sessions and walking speed on
recovery of inter-limb coordination in hemiplegic gait. Phys
Ther 2002;82:432e48.
[4] Dobkin B. Short-distance walking speed and timed walking
distance: redundant measures for clinical trials? Neurology
2006;66:584e6.
[5] Regnaux JP, David D, Daniel O, Smail DB, Combeaud M,
Bussel B. Evidence for cognitive processes involved in the
control of steady state of walking in healthy subjects and
after cerebral damage. Neurorehabil Neural Repair 2005;19:
125e32.
[6] Kollen B, van de Port I, Lindeman E, Twisk J, Kwakkel G.
Predicting improvement in gait after stroke: a longitudinal
prospective study. Stroke 2005;36:2676e80.
[7] Peyrot N, Thivel D, Isacco L, Morin J, Duche P, Belli A. Do
mechanical gait parameters explain the higher metabolic cost
of walking in obese adolescents? J Appl Physiol 2009;106:
1763e70.
[8] States RA, Pappas E, Salem Y. Overground physical therapy
gait training for chronic stroke patients with mobility deficits.
Stroke 2009;40:e627e8.
[9] Martin MV, Gomez GB, Antoranz GM, Fernandez HS, Gomez DL,
de Oya OM. Validation of the Omron BF 300 monitor for
measuring body fat by bioelectric impedance. Aten Primaria
2001;28:174e81. Article in Spanish.[10] Ross C, Clawson K. The musculoskeletal system in health and
disease. Hagerstown, MD: Harper and Row; 1980.
[11] Tyson S, Thornton H, Downes A. Effect of a hinged ankle-foot
orthosis on hemiplegic gait: four single case studies. Physi-
other Theory Pract 1998;14:75e85.
[12] Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl-Baker L.
Clinical gait assessment in the neurologically impaired reli-
ability and meaningfulness. Phys Ther 1984;64:35e40.
[13] Expert panel on the identification, evaluation, and treatment
of overweight and obesity in adults. Executive summary of the
clinical guidelines on the identification, evaluation, and
treatment of overweight and obesity in adults. Arch Intern
Med 1998;158:1855e67.
[14] Weinstein GS. Left hemispheric strokes in coronary surgery:
implications for end-hole aortic cannula. Ann Thorac Surg
2001;71:128e32.
[15] Waller SM, Whitall J. Hand dominance and side of stroke
affect rehabilitation in chronic stroke. Clin Rehabil 2005;19:
544e51.
[16] Kramers De Quervain IA, Simon SR, Leurgans S, Pease WS,
McAllister D. Gait pattern in the early recovery period after
stroke. J Bone Joint Surg 1996;78:1506e14.
[17] Fredrickson E, Ruff R, Daly JJ. Physiological cost index as
a proxy measure for the oxygen cost of gait in stroke patients.
Neurorehabil Neural Repair 2007;21:429e34.
[18] DeVita P, Helseth J, Hortobagyi T. Muscles do more positive
than negative work in human locomotion. J Exp Biol 2007;210:
3361e73.
[19] Mueller MJ, Minor SD, Sahrmann SA, Schaaf JA, Strube MJ.
Differences in the gait characteristics of patients with dia-
betes and peripheral neuropathy compared with age-matched
controls. Phys Ther 1994;74:299e308.
[20] Carr J, Shepherd R. Neurological rehabilitation: optimising
motor performance. Oxford, UK: Butterworth Heinemann;
1998.
[21] McGinley JL, Goldie PA, Greenwood KM, Olney SJ. Accuracy
and reliability of observational gait analysis data: judgments
of push-off in gait after stroke. Phys Ther 2003;83:146e60.
[22] Dickstein R. Rehabilitation of gait speed after stroke: a crit-
ical review of intervention approaches. Neurorehabil Neural
Repair 2008;22:649e60.
